Abstract. The relative influence of habitat loss vs. habitat fragmentation per se (the breaking apart of habitat) on species distribution and abundance is a topic of debate. Although some theoretical studies predict a strong negative effect of fragmentation, consensus from empirical studies is that habitat fragmentation has weak effects compared with habitat loss and that these effects are as likely to be positive as negative. However, few empirical investigations of this issue have been conducted on tropical or wide-ranging species that may be strongly influenced by changes in patch size and edge that occur with increasing fragmentation. We tested the relative influence of habitat loss and fragmentation by examining occupancy of forest patches by 20 mid-and large-sized Neotropical mammal species in a fragmented landscape of northern Guatemala. We related patch occupancy of mammals to measures of habitat loss and fragmentation and compared the influence of these two factors while controlling for patch-level variables. Species responded strongly to both fragmentation and loss, and response to fragmentation generally was negative. Our findings support previous assumptions that conservation of large mammals in the tropics will require conservation strategies that go beyond prevention of habitat loss to also consider forest cohesion or other aspects of landscape configuration.
INTRODUCTION
The effect of habitat fragmentation per se (i.e., breaking apart of habitat independent of habitat loss) on the distribution and abundance of species is still unclear, in part because studies of habitat fragmentation often do not distinguish between the effects of habitat loss and fragmentation (Fahrig 2003) . Consensus from two recent reviews of empirical studies that separate these effects is that habitat fragmentation and configuration have relatively weak effects on species distribution and abundance compared with habitat loss, and that these effects are at least as likely to be positive as negative (reviewed in Fahrig 2003 , Smith et al. 2009 ). However, these conclusions are based almost exclusively on empirical studies of temperate fauna, and this issue rarely has been investigated in tropical systems. Moreover, most studies have focused on birds, insects, and small mammals, and to our knowledge this question has not been investigated for wide-ranging terrestrial species (i.e., species with large home ranges) or largebodied species such as large mammals. Two of the major results of habitat fragmentation per se are an increase in the amount of edge and a reduction in mean patch size (Fahrig 2003) . Tropical species respond strongly to edges (Laurance et al. 2002, Klingbeil and Willig 2009) and may be more likely than temperate species to respond in a negative manner to edges, due to factors such as narrower resource requirements, shorter history of exposure to patchiness, or greater year-round microclimate differences between edge and interior forest in tropical ecosystems (Lindell et al. 2007 ). Tropical species therefore may be influenced more strongly by habitat fragmentation than are temperate faunas studied thus far (Fahrig 2003) . Wide-ranging or large-bodied species that require large areas of habitat for persistence may respond more strongly than less wide-ranging species to the reductions in patch size that occur with habitat fragmentation (Villard et al. 1999) .
The influence of habitat loss and fragmentation often is assessed empirically by determining presence or abundance of species within focal patches or sites, and then relating these patterns to variables measured in the surrounding landscape that serve as correlates of habitat loss (i.e., amount of habitat in the landscape) and habitat fragmentation (i.e., configuration of habitat in the landscape; Drolet et al. 1999 , Klingbeil and Willig 2009 , Ritchie et al. 2009 ). Identifying the proper spatial extent at which to measure habitat loss and fragmentation of a given species' habitat is a key challenge for reliable estimates of the influence of these factors.
Studies that examine a species' response to a single spatial extent may find a weak response to habitat loss or fragmentation because the proper scale was not used in the analysis. A failure to control site-or patch-level variables such as patch size or structure is another challenge in these types of studies. Studies that do not control for the influence of site-or patch-level variables may attribute a species' response to either habitat loss or fragmentation in the landscape when, in fact, the response is driven by patch size or other patch attributes (Koper and Schmiegelow 2006) .
We examined responses of 20 mid-and large-sized Neotropical mammals to forest loss and fragmentation at multiple spatial extents and accounted for the influence of patch-level variables when determining the relative influence of loss and fragmentation. We tested the hypothesis that habitat loss is more important than habitat fragmentation in determining distribution patterns of species. If this hypothesis is true, then patch occupancy patterns of mammals should be influenced more strongly by forest loss than by forest fragmentation, after controlling for the influence of patch-level variables.
METHODS

Study site
We conducted this study in a 250 000-ha area in the Pete´n region of northern Guatemala. The northernmost part of the study area is located within the buffer zone of the Maya Biosphere Reserve and the remainder is on private lands to the south. This area was formerly contiguous forest, but now consists of primary forest patches embedded in a matrix of regenerating forest, cattle pasture, and cropland (Fig. 1) . Forest cover is primarily subtropical humid rain forest. Forest clearance and alteration began in the late 1970s. Forest patches thus became isolated no more than 30 years ago. Annual average temperature of this region is 21-248C, and annual average precipitation is 1350 mm, with a marked dry season from late December to May.
Our study sites were 50 primary forest patches (hereafter focal patches) that ranged in size from 2.9 to 445.5 ha (Fig. 1) . Distance between patch edges was 2.4 6 1.6 km, mean 6 SD (range 0.6-11.6 km). We did not sample forest patches that were severely degraded by logging or fire (where .25% of the patch was burned, or .25% of the canopy trees were removed), but we sampled a number of lightly degraded sites. Almost all forest patches in our study were used to some degree by local inhabitants for collection of non-timber forest products, hunting, or shade for cattle.
Mammal surveys
We used camera traps and visual censuses to determine the presence/absence of mammals weighing .1 kg within focal forest patches from January 2006 to August 2008. We sampled at all times of the year, except for mid-to-late wet season (mid-September to midDecember), because of poor camera-trap performance in wet conditions. We deployed camera traps for a continuous 16-day period in each focal patch. We placed cameras at four major types of sites in each sampled patch to maximize detection: large roads or trails, small game trails, areas with sign (scrapes, tracks, and so forth), and dens. We employed the following minimum spatial separation between cameras so that we would cover a greater area in larger patches: 50 m for patches , 20 ha, 100 m for patches , 80 ha, and 150 m for all other patches. A photograph of a species at any camera within a patch was considered an indication of presence. We recorded presence/absence for each species within each patch after every 4-day interval. By breaking the 16-day period into 4-day sessions, we created a series of repeat detection/non-detection data (i.e., a detection history) for modeling detection probabilities for each species (MacKenzie et al. 2002) .
In order to document presence/absence of arboreal species, we performed visual censuses of focal patches between sunrise and 3 h after sunrise. Visual censuses also were used for two terrestrial species because detection rates were higher for these two species (Odocoileus virginianus and Pecari tajacu) using visual censuses than using camera-traps. We surveyed patches by walking along small roads, human foot paths, and game trails, and by walking through sections without any obvious trails. In order to cover as much of a patch as possible and to increase our chance of encountering species, we did not cut transects for visual censuses. We walked ;1 km/h and recorded direct observations of animals, vocalizations, and tracks that could be unequivocally identified as indications of presence within the patch. For small patches (,10 ha), we were able to walk through most or all of the patch during each session. For patches too large to survey completely in one session, we divided the site into 2-4 sections and randomly chose a section, a starting point, and a compass direction to walk each session. We repeated surveys five times within a 2-week period for each patch, and each survey occurred on a different day. Presence/ absence was assessed after each survey to create a detection history.
We placed more cameras, and walked greater distances during visual censuses, in larger patches (Table 1) . Larger patches received a greater overall sampling effort, but because of the wide range in patch sizes, we could not sample with the same intensity per unit area in large and small patches. We included sampling effort (number of camera-trap nights or number of kilometers walked) in assessments of detectability to account for potential biases in unequal sampling in small and large patches.
Patch-level variables
For each focal patch, we calculated focal patch size and measured two within-patch forest attributes (Table  2 ). These attributes were basal area of large fruiting trees (which has been found to influence mammalian use of patches in Mexico; Arroyo-Rodriguez et al. 2007 , Urquiza-Haas et al. 2009 ) and basal area of small trees and saplings. We estimated basal area of trees using the point-centered-quarter method (PCQM; Cottam et al. 1953 ) along randomly placed transects within each focal patch. This sampling effort was not completely equal per unit area across large and small patches because of the large range of patch sizes sampled. Larger patches received a greater sampling effort, with more PCQM sampling points in larger patches (Table 1 ). In each quadrat of the PCQM sample, we recorded distance to the nearest stem in two size classes: 0-10 cm diameter at breast height (dbh) and !10 cm dbh. For the largest size class, we identified stems to species level when possible and to family level otherwise. To estimate basal area of important fruiting tree species, we calculated basal area of those trees identified as being important to larger mammals in the study area, based on published literature (Ponce-Santizo et al. 2006) , local knowledge, and personal observation. We also estimated total basal area of small trees and saplings (stems ,10 cm dbh).
Landscape-level variables
We created a vegetation map for our study site by performing an unsupervised classification of 2003 Landsat ETMþ (Enhanced Thematic Mapper) images Total distance walked over five visits to the patch. à Total number of sampling sites per patch using the point-centered-quarter method.
using ERDAS imagine 9.0 (Fig. 1) . The final classification consisted of three classes: water, non-forest (pasture/agriculture and secondary forest 15 years old), and forest (primary forest/secondary forest .15 years old). Primary forest and older secondary forest were combined into one class because of our inability to separate these classes with Landsat imagery. Overall classification accuracy was 80.3%. Our study area consisted of 0.02% water cover, 26.3% forest cover, and 73.5% non-forest.
We measured forest loss and fragmentation of forest within several distance intervals (i.e., buffers) from the edge of each patch (500, 1000, 1500, . . . 3000 m from edge of patch). Buffers from the edge of patches were used in this study to minimize correlation between sampling effort and habitat amount and to prevent the possibility of confounding the influence of patch and landscape levels. Within each buffer, we used FRAGSTATS software version 3.3 (McGarigal et al. 2002) to calculate the proportion of forest in the landscape. Because virtually the entire landscape was forested until conversion began in the 1970s, we used the proportion of forest in the landscape around a patch as our measure of forest loss. Within each buffer, we also calculated four other metrics to represent forest fragmentation: mean nearest neighbor distance of forest patches, density of forest/non-forest edge, mean size of forest patches, and density of forest patches (Table 2) . Substantial correlations among these four fragmentation metrics suggested that variables were redundant. Moreover, fragmentation metrics were highly correlated with proportion of forest (Table 3) . We chose density of patches as our measure of forest fragmentation because it was uncorrelated with proportion of forest within all buffers. Proportion of forest and density of patches thus served as largely independent measures of loss and fragmentation, respectively. Density of forest patches was correlated negatively with mean nearest neighbor distance and mean patch size, and positively with density of forest/non-forest edge. This variable thus represents a gradient from landscapes containing a few, larger, highly isolated patches and a low total amount of forest edge to landscapes containing many, smaller, less isolated patches and a high total amount of forest edge.
We also performed an analysis that incorporated focal patches into landscape metrics by buffering from the center of focal patches. This analysis was done to address concerns that buffers from edges of patches may bias analyses against finding an influence of forest loss because of the exclusion of focal patches. Buffering from the center of the patch introduces problems of collinearity between sampling effort and the proportion of forest in the landscape. In this second analysis, we therefore included only patches ,150 ha (n ¼ 42) to reduce this problem (r , 0.5 for correlation between sampling effort and proportion of forest in all landscapes tested). Both analyses revealed similar results, in terms of the influence of forest loss and fragmentation. We present results from the first analysis to include all 50 patches.
Influence of loss and fragmentation
We used detection/non-detection data for forest patches to examine patch occupancy and detection probabilities for each species using logistic regression in program PRESENCE (Hines 2006) . Some wide-ranging species in our study had home ranges that were not completely enclosed by our sampling units (e.g., the patches) and were therefore capable of moving in and out of patches during sampling. Therefore, for these species, the occupancy estimator is best interpreted as ''probability of use'' of a patch, rather than probability of occupancy (MacKenzie et a. 2006) , and the detection parameter is best interpreted as a combination of two components: the probability that the species was within the patch when sampling occurred and the probability that the species was detected, given that it was within the patch (MacKenzie et al. 2006) . For species that could maintain home ranges entirely within a single patch, traditional interpretation of the parameters is appropriate (e.g., occupancy estimator ¼ probability of occupancy; detection estimator ¼ probability of detection given presence).
We built occupancy models for each species by first determining covariates that were strongly associated with detection probabilities. We tested two covariates for detection: sampling effort (number of camera-trap nights or number of kilometers walked) and season of survey. We used likelihood ratio tests of full vs. reduced models not containing the predictors to test for significant influence of effort and season on detection, holding occupancy constant. Because the main goal was to compare the relative influence of the variables across species, we used a less conservative measure of significance (i.e., P , 0.10).
Variables that significantly influenced the probability of detection were included in detection models for all subsequent analyses for that species. We next determined the spatial extent at which each species responded most strongly to forest loss (i.e., proportion of forest in the landscape) and forest fragmentation (i.e., density of forest patches in the landscape), by considering each of these landscape-level variables independently in occupancy models. We fit these models for each of the six buffer size classes, and determined, for each variable, the spatial extent that provided the biggest reduction in deviance (À2 log likelihood) of the statistical model. This was considered our best-fit spatial scale.
We used detection models and best-fit spatial extent(s) for each species to examine the relative influence of forest loss and fragmentation on patch occupancy patterns. We fit occupancy models in program PRESENCE for each species. Models included proportion of forest and density of forest patches in the landscape, and the three patch-level variables: focal patch size, basal area of fruiting trees .10 cm dbh, and basal area of small trees and saplings.
We standardized all predictor variables prior to entrance in the analysis, so that resulting coefficients for predictor variables represented the influence on response of a one standard deviation change in the predictor, holding all other predictors in the model constant. Standardized partial regression coefficients are one of the best methods for estimating influence of forest loss and fragmentation, even when variables are highly correlated, which was not the case in our analysis (Smith et al. 2009 ). The relative influence of forest loss and fragmentation was compared by examining values of standardized predictors, as well as the number of species that responded significantly to these variables. This analysis also enabled us to assess the relative influence of patch-level factors on occupancy patterns. Significance of each of the five variables was assessed using a likelihood ratio test of the full model vs. a reduced model without the variable.
Three species had autocorrelated residuals based on Moran's I values. For these species, we calculated an index presented in Moore and Swihart (2005) :
where y j ¼ 1 for all occupied patches in a set J i that are defined as neighbors of patch i, and w ij ¼ 1/h ij , where h ij is the distance between patches i and j (see Moore and Swihart 2005) . We added this index as a covariate for species with autocorrelated residuals and reran the occupancy model.
RESULTS
We photographed 25 species in more than 8800 camera-trap nights. We recorded presence of six species of arboreal mammals within forest fragments in 320 km of visual censusing. After excluding species with very small numbers of detections, we could adequately analyze 20 species from our study area, which included both forest specialist and more generalist species (Table  4) . Detectability was generally high, but varied greatly among species, with agoutis (Dasyprocta punctata) and northern raccoons (Procyon lotor) having the highest and lowest detection probabilities, respectively. Detection probabilities were affected by sampling effort and season for a subset of species, with higher detection probabilities for patches with greater sampling effort and patches that were sampled in the dry season (Table  4) . Substantial interspecies variability occurred in the spatial scale of response to habitat loss and fragmenta-tion. For example, spider monkeys (Ateles geoffroyi ) responded most strongly to habitat fragmentation within a 500-m buffer and tayra (Eira barbara) responded most strongly within a 3000-m buffer.
Based on standardized effect sizes, forest fragmentation at the landscape level was similar in influence to forest loss, with 10 of 20 species responding more strongly to habitat fragmentation (i.e., density of patches) than to habitat loss, and vice versa. Habitat fragmentation was significantly associated (P , 0.10) with occupancy for seven species and habitat loss was significantly associated with occupancy for six species (Table 4) . Of those species that responded significantly to habitat fragmentation, five responded negatively, including spider monkeys, margays (Leopardus wiedii ), white-nosed coatis (Nasua narica), nine-banded armadillos (Dasypus novemcinctus), and gray fox (Urocyon cinereoargenteus) and two responded positively (tayras and northern tamanduas, Tamandua mexicana) to increasing fragmentation in the landscape surrounding focal patches. Three species responded positively (spider monkeys, white-nosed coatis, and Mexican porcupines, Coendou mexicanus) and three negatively (northern tamanduas, hog-nosed skunks Conepatus semistriatus, and armadillos) to increasing forest cover on the landscape. Occupancy patterns of several species were not strongly associated with either loss or fragmentation in the landscape surrounding patches, including pacas (Agouti paca), agoutis, common opossums (Didelphis marsupialis), Virginia opossums (Didelphis virginianus), ocelots (Leopardus pardalis), jaguarundi (Puma yagouaroundi ), white-tailed deer (Odocoileus virginianus), brocket deer (Mazama americana), collared peccaries (Pecari tajacu), and northern raccoons (Table 4) .
Patch-level variables were strongly associated with occupancy patterns of numerous species. This response was related largely to the influence of focal patch size. Occupancy patterns of 10 species were positively associated with focal patch size (Table 4) . However, because sampling effort (and overall sampling area) and focal patch size were strongly correlated, the influence of patch size may be due to sampling effort only (Horn et al. 2000) , even though we attempted to address this problem by including sampling effort as a covariate for detectability. Thus, conclusions about the importance of focal patch size must be made with some caution. Forest attributes of patches exerted a more limited influence on species, with occupancy patterns of four species (pacas, common opossums, white-tailed deer, and tayras) negatively associated with basal area of small trees and Ellipses indicate parameters that were not included in the statistical models. Statistical significance (P value) is based on likelihood ratio tests of full vs. reduced model without each variable. Because the main goal was to compare the relative influence of the variables across species, we used a less conservative measure of significance (i.e., P , 0.10).
* P , 0.05; # P , 0.10. We did not detect two species in patches (Tayassu pecari, Bassariscus sumichrasti ). Seven species with sparse data were excluded from analysis (Panthera onca, Puma concolor, Tapirus bairdii, Spilogale putorius, Galictis vitatta, Philander opossum, Potos flavus).
à Detection model for each species using sampling effort (eff ) and wet/dry season (sea) as possible covariates. § Mean detection probabilities ( p) per survey for each species. } For these species, we reduced the number of variables in occupancy models because five-variable occupancy models could not be fit without obtaining unrealistically large parameter estimates. saplings (Table 4) . Occupancy patterns of collared peccaries were positively associated with basal area of large fruiting trees.
DISCUSSION
Our data do not support the hypothesis developed from temperate studies that habitat loss is substantially more important than fragmentation. Patch occupancy patterns of tropical mid-and large-sized mammals in northern Guatemala were strongly associated with both forest loss and forest fragmentation. This is true if we limit our study to just those species that are considered forest specialists, or consider the entire suite of species. The effect of fragmentation on species was negative for 71.5% of the mammals when considering only those species that displayed a significant response to fragmentation, and 70% when considering all species. Thus, landscapes with habitat distributed in a larger number of smaller patches and higher density of edge tended to be of lower quality for mammals in Guatemala than landscapes with habitat distributed in a few, larger patches and lower density of edge.
The strong response to fragmentation found in our study may be related to the fact that we analyzed the response of mid-and large-sized mammals, instead of smaller species such as birds that have been the focus of the majority of studies to date. Wide-ranging mammals may have difficulty using highly fragmented landscapes that contain a large number of small patches because they must make frequent trips between patches to meet resource needs and suffer frequent exposure to risks in the matrix. Large area requirements also may explain why certain large-bodied bird species respond strongly to fragmentation (Villard et al. 1999 ). Studies such as ours that focus on patch use by highly mobile species instead of solely on population persistence within a patch may be more likely to find a response to fragmentation, perhaps because frequent inter-patch movement leads to a strong response to habitat configuration. However, such a response to fragmentation is not universal for studies examining use rather than population persistence (e.g., Drolet et al. 1999 , Magness et al. 2006 . Moreover, of the five species in our study with the largest home ranges (Table 4) , only one (margay) responded in a significantly negative manner to fragmentation, which suggests that the wide-ranging nature of the species in our study may not be the key factor driving a strong response to fragmentation. Our ability to evaluate this contention is limited by the fact that no other studies of which we are aware have evaluated the influence of habitat loss and fragmentation on wide-ranging large mammals in either temperate or tropical environments.
An alternative explanation for the strong response to fragmentation that we documented is that the tropical species we focused on are highly sensitive to increases in edge density that occur in fragmented landscapes. Edge density affects species by increased exposure to edgealtered habitat and resources (Laurance et al. 2002) or increased access to juxtaposed contrasting seral stages in plant communities. A recent review of bird responses to edges in tropical and temperate ecosystems revealed that tropical species are more likely to respond in a negative manner to edges, although the exact mechanism driving this difference in response was unclear (Lindell et al. 2007) . Increased specialization of tropical species that makes them unable to use edge habitats or take advantage of changing food sources at edges or in the matrix may be important, as well as lack of adaptation to use resources from different and adjacent habitats, due to the shorter history of exposure of tropical species to patchiness (Lindell et al. 2007 ). Another mechanism that may explain the patterns seen in our study is that increasing edge density in more fragmented landscapes leads to an increased likelihood that species will enter the unfavorable habitat in the matrix (Fahrig 2003) , which in turn increases exposure to human persecution (Woodroffe and Ginsberg 1998) . Because hunting pressure was common throughout our study area, high levels of fragmentation may have increased the chances of individuals being killed or harassed. Whether or not a particular species was hunted was found to be the most important variable influencing overall mammal vulnerability to landscape change on our landscape (Thornton et al. 2011) . Taken together, these various factors may result in a relatively large impact of habitat fragmentation per se on tropical species, although this contention deserves more study. Three other recent studies conducted in tropical areas with bats and birds (Develey and Metzger 2006 , Klingbeil and Willig 2009 , Cerezo et al. 2010 ; but see Zurita and Bellocq 2010) found strong relationships (both positive and negative) between fragmentation per se and species distribution and/or abundance for a subset of species analyzed.
Another possible explanation for the strong response to fragmentation is that our results are driven by the relatively low levels of regional forest cover (26%) in our study area. Modeling indicates that fragmentation effects are more pronounced at lower levels of overall habitat in the landscape (Fahrig 1998, Flather and Bevers 2002) . However, support for this contention from empirical studies is equivocal , Fahrig 2003 , Betts et al. 2007 ). Many studies that purport to show a threshold response do not control for the confounding between metrics of habitat loss and fragmentation, such as patch size and isolation (Fahrig 2003) , and thus cannot address the question of whether fragmentation is more important at low levels of habitat (e.g., Villard et al. 1999 , Homan et al. 2004 , Radford and Bennett 2004 . Although evidence for a threshold fragmentation effect remains weak, we cannot rule out this possibility as a contributing factor in our finding of a strong response to fragmentation in tropical mammals. However, two of the tropical studies mentioned previously as finding a strong effect of fragmentation per se occurred on landscapes with relatively high levels of regional forest cover (Develey and Metzger 2006, Klingbeil and Willig 2009) .
Species in our study responded to habitat loss and fragmentation measured at a variety of spatial extents around patches. We echo concerns expressed by other authors (Holland et al. 2005 ) that investigations using only one landscape size or spatial extent to represent the ''landscape scale'' are problematic. Such studies do not account for the fact that different species may respond most strongly to habitat variables measured at different spatial extents (particularly when those species may vary greatly in their mobility), or that a given species may respond to one landscape metric at a different scale than another landscape metric (e.g., Boscolo and Metzger 2009).
Species-specific patterns of response
Three of the five species that responded in a strong negative manner to fragmentation at the landscape level were forest dependent and highly or semiarboreal (spider monkeys, margays, and white-nosed coatis). As previously suggested, this may indicate that difficulties associated with making use of edge or matrix habitat in more highly fragmented landscapes may be a factor in the negative response of these species. The negative response of margays to fragmentation is notable, considering how little is known of the ecology of this species in intact or fragmented habitats, and indicates that forest cohesion may be an important factor facilitating the persistence of margays in humandominated landscapes. The response of margays contrasts with that of the closely related ocelot (see Plate 1), which did not display a strong response to either habitat loss or fragmentation in the landscape surrounding patches. Ocelots prefer closed-canopy forest (Harveson et al. 2004 ), but have been found to be tolerant of modest amounts of fragmentation, perhaps making use of edge habitats for hunting or travel (Jackson et al. 2005) . Spider monkeys responded negatively to both fragmentation and habitat loss, whereas the only other primate in the study area, the Yucata´n black howler monkey, did not respond to either of those factors. Howler monkeys are known from previous studies to be fairly resilient, compared to many other primates, to human-caused habitat perturbations (Estrada and Coates-Estrada 1996, Chiarello 2003) , perhaps due to their small home range sizes, ability to cross some forms of matrix habitat, and/or flexible folivore-frugivore diet. The positive response of the forest-dependent tayra to fragmentation is difficult to explain. Although habitat use of this species is poorly understood, tayras can make use of disturbed habitats (Michalski et al. 2006 ) and therefore may have responded favorably to increasing juxtaposition of habitats, or increased access to resources in edges in more highly fragmented landscapes.
Species that responded strongly to increasing forest cover in the landscape surrounding patches are all known to be heavily forest dependent. Significant negative responses to increasing forest cover at the landscape level were found for species that are not considered to be strongly forest dependent or that actually may prefer modified habitats (Thornton et al. PLATE 1. An ocelot photo-captured in a small forest fragment of the study area. Photo credit: D. H. Thornton. 2011). For example, hog-nosed skunks are able to forage in a wide variety of habitats (Reid 1997) and were more common in patches surrounded by less forested landscapes. The response of northern tamanduas (which responded positively to forest loss and positively to increasing fragmentation), also may have been driven by increases in resources (i.e., ants and termites) within small patches. Several species that did not display a strong response to fragmentation, loss, and/or patch size metrics may not have perceived the landscape as patchy (or at least not patchy in the forest-non-forest manner in which we mapped our study area); these included highly generalist species such as common and Virginia opossums, northern raccoons, and white-tailed deer.
Within-patch forest attributes influenced use of patches by several mammals. Low basal area of fruiting trees was negatively associated with patch occupancy of collared peccaries in our study, as well as a large grounddwelling bird, Crax rubra (D. H. Thornton, unpublished data) . Both of these species consume fruits and may have been avoiding patches that were perceived to be lower in patch quality. Logging within patches may reduce fruiting tree abundance and basal area, negatively impacting these species. High basal area of small trees and saplings was negatively associated with occupancy of several species that display widely differing life histories. Although speculative, this negative response to high density of shrub cover could be driven by difficulty moving or foraging in such patches, or because this metric was correlated with another aspect of disturbance not considered in our study.
Conservation implications
To date, managing landscape patterns to prevent fragmentation or ameliorate the negative impacts of habitat loss has been deemed as an ineffective approach to biodiversity conservation (Fahrig 2003 , Ritchie et al. 2009 ) based on results from studies that effectively disentangle impacts of habitat fragmentation and loss on small-bodied species in primarily temperate environments (Fahrig 2003 , Smith et al. 2009 ). Whether the strong response to fragmentation that we documented is driven by the wide-ranging nature of mammals in our study, a strong response to edge in tropical species, or some other factor, our findings support the need for conservation strategies that maintain forest cohesion (e.g., retaining fewer, larger patches rather than a greater number of small patches) to conserve large mammals as land cover change occurs in the tropics. In privately held lands, this could be achieved, in part, through landscape planning in combination with government programs that pay or require private landowners to preserve and maintain rain forest patches or to reforest, such as PINFOR (Programa de Incentivos Forestales) in Guatemala and the Forest Code and Decree of Law 750 in Brazil (Tabarelli et al. 2005 ). Through these programs or similar government incentives, landowners could be encouraged to retain patches of forest habitat, or to reforest, in a manner that reduces effects of fragmentation across the landscape. Successful conservation of some species that respond in a strong negative manner to forest fragmentation independent of forest loss (such as margays and spider monkeys in this study) will be dependent on these large-scale efforts.
